The brain biochemistry in terms of certain key substances of brain were studied in 18% protein and 6% protein-fed rats following lead ingestion at a level of 1% in the diet. Lead ingestion diminished the protein and increased the RNA content of brain, and, consequently reduced the protein/RNA ratio. The RNA/DNA ratio in brain was elevated in lead toxicity, while the protein/DNA ratio remained unaltered. The RNase and DNase activities of brain were decreased. Lead treatment diminished the glutathione (GSH) level of blood but the GSH level of brain was not altered significantly by the lead treatment. The plasma protein level was also diminished after lead treatment. The effects of lead on some of these parameters were found to be more pronounced in rats receiving the 6% protein diet. The serotonin (5-HT) level of brain was reduced, while the norepinephrine (NE) and dopamine (DA) levels of brain were elevated following lead treatment. The monoamine oxidase (MAO) and tryptophan hydroxylase (TPH) activities and 5-hydroxy indole acetic acid (5-HIAA) content of brain were elevated in lead ingested rats. The effects of lead on these parameters were found to be potentiated when the rats were fed on a 6% protein diet. These studies suggest that lead at the present dose affects brain biochemistry in terms of both nucleic acids and amine metabolism, and protein deficiency potenti ates some of these lead-induced changes.
RESULTS
The data presented in Table 1 indicate that lead treatment decreased slightly the body weight of rats receiving either the 18% or 6% protein diet but the changes were not statistically significant. On the other hand, there was a slight increase (statistically significant) in the brain weight of rats fed on either the 18% or 6% protein diet. It is revealed from the level in blood but the GSH content of brain was not significantly altered by lead ingestion. This change in GSH level of blood was found to be more in rats when fed on a 6% protein diet than when fed on an 18% protein diet . The plasma protein level was also diminished after lead treatment and the percentage decrease was slightly more in rats fed on the 6% protein diet than when fed on the 18% protein diet. 6It is further revealed from Table 2 that lead levels of blood and brain were elevated significantly by lead ingestion, and this effect particularly on brain lead level was more on a 6% protein diet than on an 18% protein diet .
The results depicted in Table 3 reveal that lead ingestion diminished the protein content and increased the RNA content of brain. Protein/RNA ratio was Table   3 . accordingly reduced in lead-ingested rats. The effects of lead on these parameters were found to be more pronounced when the rats were fed on a 6% protein diet . The DNA content of brain was not significantly altered by lead ingestion . While the protein/DNA ratio was not significantly altered, the RNA/DNA ratio in the brain was elevated in lead toxicity. The percentage increase in brain RNA/DNA ratio due to lead ingestion was more on a 6% protein diet than on an 18% protein diet. It is further seen from the Table 3 that lead ingestion decreased the brain RNase and DNase activities, and the extent of decrease was more marked on a 6% protein diet.
Lead-treated rats exhibited decreased 5-HT and increased NE and DA con tents in the brain (Table 4 ). This effect of lead was more marked on a 6% protein diet. The MAO activity, TPH activity and 5-HIAA content of brain were elevated in lead-ingested rats. The effects of lead on these parameters were found to be more pronounced when the rats were fed on a 6% protein diet.
DISCUSSION
The slight fall in body weight following lead ingestion was not found to be statistically significant but slight enlargement of the brain (increase in weight per 100g body weight) under the same condition was found to be statistically signifi cant. The effect of lead in increasing the size of the various organs, such as liver and kidney, was demonstrated (2). Slight enlargement of the brain following lead intoxication was also noted earlier (4) . The increase in size might be due to accumulation of lead in this soft tissue (33) . The impact of lead in increasing the size of the brain was comparable between the groups of rats receiving the 18% and 6% protein diet. This demonstrates that the effect of the present dose of lead on brain weight is independent of dietary level of protein . Although the change in brain glutathione level following ingestion of the present dose of lead was not statistically significant, there is a tendency of the brain tissue to show enhanced glutathione level. A significant elevation in the glutathione level in other organs, such as liver and kidney, following lead treatment was demonstrated and this was attributed to the increased synthesis of glutathione as a compensatory mechanism to overcome the toxicity of lead (4). It is, therefore, possible that the brain tissue following ingestion of the present dose of lead develops also a tendency to maintain an elevated concentration of glutathione. The diminished concentration of blood glutathione level in the present condition may be ascribed to increased glutathione conjugation. Such binding of glutathione with metals including lead was also demonstrated (34) .
Lead-treated animals showed diminished plasma protein levels. This decrease in plasma protein level following lead intoxication was more in protein malnourished rats, indicating the potentiation of toxic effect of lead on plasma protein level by protein deficiency. The decrease in plasma protein level following lead intoxication may be ascribed to reduced synthesis of plasma proteins by the reduced synthesis of DNA in addition to reduced breakdown of DNA . The reduction in the rate of breakdown of DNA in lead-treated animals might be considered as an adaptive mechanism to conserve total DNA level in the vital tissues, such as brain. It has been presumed that lead inhibited most of the enzymes by binding single functional-SH group (1). Whether lead inhibits RNase and DNase by binding with functional-SH group is to be ascertained by further studies.
Lead toxicity at the present dose also appears to influence the brain functions in terms of monoamine changes. Chronic exposure of children to lead was found to be associated with behavioral disorders, learning disabilities and mental retarda tion (38) (39) (40) . Animal studies also demonstrated that chronic perinatal low level of lead exposure produced alterations of both learned and spontaneous behavioral patterns (10, 11, (41) (42) (43) (44) . Rat pups chronically exposed to lead demonstrated loco motor hyperactivity (45) . Lead-treated mice were also shown to exhibit hyperac tivity (11) . On the other hand, behavioral stimulation or excitation in a number of situations was found to be associated with increased brain levels of NE and DA (46) . Accordingly, the increased levels of NE and DA contents of brain following lead treatment, as noted in the present investigation, are in conformity with the above observations. The reduced brain 5-HT level following lead treatment suggests that the changes in 5-HT levels are opposite to those of catecholamines , suggesting a reciprocal interaction between serotonergic and catecholaminergic neurons. Such reciprocal interaction was also demonstrated by Komulainen , Pietarinen and Tuomisto (47) . Lead-induced changes in brain 5-HT and DA levels were more marked when the rats were maintained on a low protein diet (Table 4) . Tandon, Flora and Singh (48) also reported lead-induced alterations in brain monoamine levels to be more marked in nutritional deficiency , such as vitamin B-complex deficiency.
Lead treatment enhanced the MAO activity. Accordingly, the diminished brain 5-HT level following lead intoxication may be ascribed to increased catabo lism of 5-HT. That this is possible becomes evident from the increased hydroxyin dole acetic acid (HIAA) level in brain following lead treatment. The report of increased urinary excretion of biogenic metabolites in lead-exposed persons (49) also conforms to the present observation. The lead-induced changes in MAO activity and HIAA level were found to be more marked in protein deficiency , and, consequently, this can account for the more marked reduction of brain 5-HT level when lead treatment was accompanied by protein deficiency. Contrary to the reduced 5-HT level, the tryptophan hydroxylase (TPH) activity in the brain was elevated after lead treatment. The percentage increase in the activity of TPH was also more in the lead-treated protein-deficient rats (Table 4) . It is likely that this increase in TPH activity may be an adaptive response to the reduced level of 5-HT in brain in an attempt to compensate for increased breakdown of 5-HT in lead intoxication. But, the increased TPH activity so observed was probably not sufficiently large enough to overcome the enhanced quantum of MAO activity , and, accordingly, there was reduced brain 5-HT level in lead intoxication in spite of stimulated TPH activity. Similar adaptive response of TPH to diminished level of 5-HT was also noted in certain other altered nutritional conditions (50, 51) . It was noted that adrenalectomy of newborn rats enhanced the MAO activity, and also blocking of glucocorticoid biosynthesis in 8-week-old rats by metopirone adminis tration increased the MAO activity (52) . On the other hand, there are some reports of adrenocortical suppression in lead intoxication (53) . It is, thefore, plausible that enhanced MAO activity following lead ingestion might result from adrenocortical insufficiency.
Lead was also found to increase the uptake of tyrosine, the precursor of catecholamines, by the brain, as evidenced by enhanced uptake of tyrosine by rat brain synaptosomes (54) . Enhanced uptake of tyrosine was also described in tissue prepared from lead-exposed mice (55) . Therefore, it is possible that increased NE and DA contents of brain following lead exposure might result from enhanced rate of synthesis due to increased availability of substrate.
It appears, therefore, that lead treatment at the present dose alters the nucleic acid and amine metabolism of brain and some of these alterations could be ascribed to the changes in some of the associated enzyme activities. It is further revealed that some of the lead-induced metabolic changes in brain are potentiated by the protein deficiency of the animal.
